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Introduction

There is growing evidence that oscillatory brain activ-
ity is involved in Gestalt recognition processes. How-
ever, it is still a question at issue whether this ac-
tivity is correlated to high-level cognitive top-down
processes or to perceptual bottom-up processes [1].
In contrast imaginary events are supposed to be pure
top-down processes, which makes them a possibil-
ity to differenciate between bottom-up and top-down
processes. There are several studies investigating
imaginary events in a variety of modalities. In the
visual modality Rogers et al. [2] found a late pos-
itive component following omissions during a train
of stimuli. In an action viewing experiment Hari et
al. [3] showed a rebound of oscillatory 20 Hz activ-
ity similar to a suppression during action. In visual
as well as auditory modality Simson et al. [4, 5] ob-
served late positive components that were topograph-
ically similar to P3 components and independent of
modality. In an experiment with omissions in a train
of tones Raij et al. [6] showed bilateral activiation
of auditory cortex and frontal areas. Zatorre et al.
[7] and Halpern et al. [8] showed in PET studies the
activation of similar areas during the perception and
imagination of melodies. These experiments demon-
strated the activation of brain areas and processes dur-
ing real as well as imaginary sensory input.
In our experiment we examined the slow evoked and
oscillatory induced (non-phase locked) brain activ-
ity in gamma ( � 20 Hz) frequency range for real and
imagined musical and non-musical stimuli. It was hy-
pothesised that the activity during the imagined stim-
uli should be generated by a top-down process and it
was expected to give evidence of the functional role
of oscillatory activity in sound processing and repre-
sentation of auditory objects.

Methods

Ten subjects (mean age 30.4 a, one left-handed, three
females) with no history of otological or neurological
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Figure 1: Schematic description of melody condition.
Each melody is repeated eight times, starting with a
complete version. Following complete melodies and
melodies with omissions of 6

� �
and 7

� �
note are ran-

domized.

disorders were investigated. Five beginnings of sim-
ple melodies consisting of eight notes were presented
to the right ear. Sequences of eight bandpass filtered
noise bursts with the same temporal configuration as
the melodies were used as control condition.
Both stimulus types had a duration of 100 ms and a
raise and decay time of 15 ms with an inter-stimulus
interval of 633 ms between single notes or noise
bursts. Inter-sequence interval was set to 2.3 � 0.3 s.
The frequency range of the melodies and the noise
bursts was 275-550 Hz. In the melody and in noise se-
quences two stimuli (the 6

� �
and 7

� �
) were randomly

omitted (p = 0.5). In the sequences with omissions the
subjects had to decide whether the last note or noise
burst of the sequence was the correct component of
the melody or in the case of the noise bursts it had
the same center frequency as the preceding one, what
was confirmed by lifting a finger of the left or the right
hand. To reduce the difficulty of the task each melody
was repeated eight times in a block starting with the
complete version.
Cortical magnetic signals (MEG) were acquired with
a 306-channel whole head neuromagnetometer (Vec-



Table 1: Distance of localization of sources for OSP
and N1m component for melody and noise condition.

Distance melody cond. Distance noise cond.

x (mm) y (mm) z (mm) x (mm) y (mm) z (mm)

LH 7 13 13 8 15 12
p 	 0.05 p 	 0.05 p 	 0.05 p 	 0.01 p 	 0.01 p 	 0.02

RH -3 7 2 -4 12 1
p 	 0.01

torview, Neuromag Ltd.). Electroencephalographic
data (EEG) was recorded from electrode sites Cz,
Pz, P3, P4 (10-20 system). The MEG and EEG
signals were simultaneously sampled at a frequency
of 600.6 Hz with recording filter bandwidth of 0.1-
172.2 Hz.
For the analysis of slow evoked responses the sig-
nals were lowpass filtered at 20 Hz. The sources of
evoked activity were estimated as single equivalent
current dipoles for each hemisphere in a spherical
head model. The parameters of the sphere were found
on the basis of the MRI of the subject’s head (avail-
able from seven subjects). Wavelet analysis was used
to extract induced (non-phase locked) oscillatory ac-
tivity [9]. Therefore single epochs were convoluted
by complex’s Morlet wavelets followed by averag-
ing their power across epochs. Afterwards frequency
bands between 20 and 40 Hz were averaged and dis-
playd as time varying power.

Results

Slow Auditory Evoked Fields
In the lowpass filtered signal (fig. 2) a N1m compo-
nent was observed for each presented note. During
the omissions of stimuli, the N1m component of 6

� �

and 7
� �

stimulus could not be observed. However,
there was a large slow deflection, which showed in
EEG data a positive polarity on vertex. The maxi-
mum of this deflection was around 410 ms after 6

� �

stimulus. We named this deflection as omitted stimu-
lus potential (OSP).

Localization: OSP vs. N1m Response
Equivalent current dipole sources were calculated for
N1m and OSP componenent and were compared be-
tween the conditions (fig. 3, tab. 1).
On left hemisphere the OSP was found to be located
significantly (p 
 0.05) 7 mm more anterior, 13 mm
more medial and 13 mm more superior in respect to
the N1m component in the melody condition. In
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Figure 2: Low frequency activity during complete
(blue line) and omitted (green line) melody condi-
tion of one single subject. The inter-stimulus intervall
was 633 ms. Top: channel from left hemisphere; Mid:
channel from right hemisphere; Bottom: electrode Cz.
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Figure 3: Euclidean distances of the sources of the
OSP with respect to N1m shown for each subject’s
left hemisphere (Left: melody condition Right: noise
condition)
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Figure 4: Euclidian distances of the sources of the
OSP during omissions of stimuli between melody and
noise condition for each subject on left and right
hemisphere (left resp. right plot)

the noise condition the OSP was 8 mm more ante-
rior, 15 mm more medial and 12 mm more superior
(p 
 0.01). In contrast, on the right hemisphere the
OSP and the N1m component differed in their loca-
tion only in the noise condition in anterior direction
by 12 mm (p 
 0.01), whereas in the melody condition
the OSP was 7 mm more anterior (n.s.).

Localization of N1m: Melody vs. Noise
In the left hemisphere a difference between the
sources of N1m components for meldoy and noise
conditions of 11 mm was observed. This distance had
no preferred anatomical direction. On the right hemi-
sphere the localization of N1m response was 9 mm
more anterior for melody condition as compared to
noise condition (p 
 0.02).

Localization of OSP: Melody vs. Noise
The sources of the OSP differed by 18 mm on the
left and by 19 mm on the right hemisphere be-
tween melody and noise conditions with no preferred
anatomical direction (fig. 4).

Induced Gamma Band
The induced gamma band activity was calculated
from the MEG data within the latency range between
300 ms before the fifth stimulus and 800 ms after the
eighth stimulus for the frequency band between 20
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Figure 5: Mean power across frequency range of 20-
40 Hz averaged over channels of the left hemisphere
above the temporal lobe.

and 40 Hz. The mean energy in this frequency band
was averaged over channels of the left hemisphere
above the temporal lobe (fig. 5). A strong decrease
in induced gamma band activity was observed in the
omitted condition at about 300 ms after 6

� �
stimulus

(1 �
�

omitted). The decrease was more pronounced
for the melody than for the noise condition. During
complete sequences an increase within the induced
gamma band activity of 250 ms starting with onset of
the 7

� �
stimulus (corresponding to the second omitted

note) was observed.

Discussion

In this study slow evoked and oscillatory induced
brain activities were observed during the omission of
stimuli in a melodic and non-melodic context.
During the imagery of the omissions a slow pos-
itive component was recorded. The generators of
this omitted stimulus potential, correspondingly field,
were found to be distinguishable from the N1m gener-
ators but likewise located in the auditory cortex. This
result confirms the results of a previous study by Raij
et al. [6]. However, in the study of Raij et al. frontal
sources were found, which can be explained by the
different method used for dipole modelling. An iden-
tity of the OSP with P300 components can be ex-
cluded because of the balanced paradigm of presented
and imagined sequences and the stimulus specific dif-
ferences of the OSP between melody and noise condi-
tion. Furthermore the clear dipolar pattern contradicts
the multi-generator nature of P300 sources.



The N1m represents specific features of physically
presented auditory stimuli. This can explain, why
the N1m sources were found to be different for the
melody and the noise stimuli. The OSP seems to dif-
fer qualitativly from the N1m. Since the OSP was
also changed by the two different types of omissions
(melody tunes and noise sequences) certain speci-
fity of this component to the auditory stimulus fea-
tures can not be excluded. However, this feature dif-
ferences are not really physically presented but only
imagined.
Related to the onset of the OSP we found for the
imaging condition that the induced gamma band ac-
tivity starts to decrease. It has been demonstrated that
the induced gamma band activity belongs to the per-
ception of sensory events and Gestalt recognition pro-
cesses [1]. Usually an increase of gamma band ac-
tivity was observed during these processes. Now the
question arises, should sensory and imaginary pro-
cesses act in a similar way. Opposite to this expecta-
tion, there was a decrease in gamma frequency range
from 20 Hz to 40 Hz during imagination. This result
indicates that less oscillatory activity is involved dur-
ing the top-down imaginary process than during a real
perception of the stimulus, which involves bottom-up
process. This points to different mechanisms generat-
ing the imagination and is supported by the estimated
different source location of N1m and OSP.
Thus, in conclusion the slow auditory evoked fields
and the induced gamma band activity elicited by
real and imaginary auditory stimulation can be inter-
preted in the way that whereas the increase of induced
gamma band activity and N1m component represent
rather the more simple sensory perception (bottom-up
process), the decrease of induced gamma band and
the slow OSP characterized the more complex top-
down process, here the imagination of the missing
tones of the melody.
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